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1. Introduction
The goal of this project is to develop and optimize a program that can track energy lost due to
aging, leaking steam valves for the Cook Nuclear Plant. The thermal energy in the reactor is used
to heat steam, which is then converted into electrical energy using turbines. Any steam lost due
to leaky valves results in a loss of the plant’s end product. While a large amount of data is
available on the valves in the system, the data is difficult to process by hand due to the number of
valves in the system. As such, a computer program is needed to process the data and show plant
engineers where the largest steam valve leaks are occurring.
1.1 Project Description, History, and Analysis
Steam leaks occur in aging power systems due to heat energy loss from the valves of the system.
Unmanaged steam leaks not only drive up operation costs for power plants, but can create other
negative implications within the plant as well. Increased emissions, loss of reliability, and
unnecessary safety hazards are three additional negative outcomes steam leaks can cause in a
power plant. Performing regular testing and inspections on leaking valves is vital to properly
managing the leak to verify it will not cause significant damage to the system or the surrounding
environment. It is to be often expected that most valves will exhibit some degree of leakage. A
useful approach to maintaining and analyzing leaks is to quantify the leakage and then establish
an appropriate leakage tolerance to determine the most problematic valves.
A total of 103 valves were analyzed over the course of the project with the ultimate goal of
determining the top 10 valves for each unit in terms of steam leakage. There are two units within
the plant that function to produce electricity through the use of heating steam through nuclear
power. Additionally, the two units were built and installed by two different companies. A
summary of megawatt loss in relation to the top 10 valves for each unit is displayed in Table 1.1.
It should be noted that all URV valves have been excluded from this list at the request of the
Donald C. Cook company representative due to uncertainties in value accuracy. The top valve
for unit 1 is the 1-FMO-260 (L) with a MW loss of 47.41 and the top valve for unit 2 is the
2-T-121-6 with a MW loss of 21.22. A model was developed to determine the amount of heat
energy lost in an aging power plant steam pipe valve system using PEPSE. In this project, the
PEPSE model was used to determine the estimated energy that was lost due to seal leakage and
general valve degradation. This energy was quantified, and an economic analysis of the valves
was performed to determine the lost revenue experienced by the power plant and compared that
to the cost of replacing the valves with newer, more efficient models.

Table 1.1: Top Ten Megawatt Loss for Both Units (Ignoring URV Valves)

2. Market Survey
Nuclear fission, or the splitting of uranium atoms, produces heat used in the process of creating
steam. Steam is a widely used resource in varying industries and facilities throughout the world.
Steam is an odorless, colorless high energy source that is often used to generate power. In a
nuclear power plant, the steam that is generated is utilized for spinning large turbines that
ultimately help produce electricity. The Donald C. Cook Nuclear plant provides a clean,
non-greenhouse gas emitting source of energy employed to help meet electricity demands, as all
nuclear plants are able to do. It is estimated that 20% of electricity used in America originates
from nuclear energy (U.S. Energy Information Administration, 2020).
2.1 Pricing History and Analysis for Electricity in the Midwest Area
Wholesale electricity market data was pulled from the U.S. Energy Information Administration
database to assess market trends for the Midwest and Mid-Atlantic areas. The data available
from the U.S. Energy Information Administration was originally collected by the
Intercontinental Exchange. The different zones outlined for the U.S. are displayed in a map in
Figure 2.1. There are two zones that are associated with Michigan for Electricity pricing, the
Midwest zone and the Mid-Atlantic Zone. Both of these zones were evaluated for pricing of
electricity in units of $/MWh from 2014 to 2020.

Figure 2.1: Map of Zones in the U.S. for Electricity and Natural Gas Pricing (U.S. Energy
Information Administration, 2020)
The price comparison for the Mid-Atlantic electricity zone is shown in figure 2.2. The price
comparison for the Midwest electricity zone is shown in Figure 2.3. Price high points and price
low points for multiple days for each month are included in the price comparison graphs for the
Mid-Atlantic and Midwest zones. There were notable price spikes for electricity in the
Mid-Atlantic zone in 2014, 2015, and 2017. In the Midwest zone, most of the notable price
spikes have been in more recent years including 2017 and 2018, but also back in 2015 as well.

Figure 2.2: Price Comparison for Mid-Atlantic Zone (U.S. Energy Information Administration,
2020)

Figure 2.3: Price Comparison for Midwest Zone (U.S. Energy Information Administration,
2020)

Figure 2.4 displays historical trends as well as projected trends in terms of energy consumption
for each fuel type. The trend in relation to nuclear fuel is expected to flatline starting a few years
after 2020 and continuing through to the year 2050. While nuclear fuel is not the most popular
fuel type for electricity generation, its contributions to electricity to supply are still somewhat
significant and will not experience any sort of sharp decline within the next 30 years or so if the
projection is correct.

Figure 2.4: History and Projections for Energy Consumption by Fuel Type (U.S. Energy
Information Administration, 2020)
3. Material and Energy Balances
A few sample material and energy balances were conducted and analyzed to show the effect of
valves on the system. Figure 3.1 and Figure 3.2 show a mass and energy balance around the 5A
Feedwater Heater that is included in Unit 1. The 5A feedwater heater shell side receives flow
from three different locations including the High Pressure Turbine Exhaust steam, the shell
drains from the Moisture Separator section of the Moisture Separator Reheater, and from the
drain of the upstream Feedwater Heater 6A. Figure 3.1 displays normal flow into the shell side of
the 5A FWH. This is considered the normal alignment at the plant. In Figure 3.2, the Moisture
Separator shell drains are not flowing to the 5A heater, however, they are being returned to the

Main Condenser now that 1-MRV-403 is open. The cycle isolation calculations that were
completed using Grashof’s and ASME Figure 14 for 1-MRV-403 estimated an average of
approximately 510,000 lbm/hr going through the open valve, while the PEPSE estimated just
over 490,000 lbm/hr. The general impact on the plant that this valve has when it is open is
estimated by PEPSE at 9 MWe. With the valve successfully closed, the approximation for the
valve improves to 8 MWe.

Figure 3.1: Unit 1 Heat Balance on 5A FWH Before 1-MRV-403 is Open

Figure 3.2: Unit 1 Heat Balance on 5A FWH After 1-MRV-403 is Open
3.1 Unit 1 Energy Losses
The energy lost by the top 10 valves in unit 1 can be seen on Table 9.2 - Unit 1 Valve
Information. The second column shows the electrical energy lost per valve in MWe. These
energy losses are calculated in megawatts instead of a quantity of steam so that the lost energy
can be quantified and converted into a monetary value in Table 9.3 - Unit 1 Total Costs later in
section 9.
3.2 Unit 2 Energy Losses
The energy lost by the top 10 valves in unit 2 can be seen on Table 9.4 - Unit 2 Valve
Information. The second column shows the electrical energy lost per valve in MWe. These
energy losses are calculated in megawatts instead of a quantity of steam so that the lost energy
can be quantified and converted into a monetary value in Table 9.5 - Unit 2 Total Costs later in
section 9.
4. List of Equipment and Specifications
For the unit 1 valves being replaced by this project, see Table 9.2 - Unit 1 Valve Information.
For the unit 2 valves being replaced by this project, see Table 9.4 - Unit 2 Valve Information.
These tables show the identifying code, manufacturer, and model number. This information is
necessary for getting vendor quotes used in finding replacement costs.

4.1 Costing of Valves and Replacement Labor Costs
Katelin Kohn provided most of the valve material and maintenance replacement costs for the top
10 leakiest valves for each unit based on the vendors that the company typically works with for
replacement valves. The costs for replacing each valve in unit 1 can be seen in Table 9.2 - Unit 1
Valve Information. Likewise, the costs for replacing each valve in unit 2 can be seen in Table 9.4
- Unit 2 Valve Information. Any holes in the monetary data received were filled with the
averages from the other valves to give a more accurate representation of the total costs.
5. Utility Costs
There are no utility costs associated with operating valves. As such, this project does not
calculate a utility cost for the valves being replaced. That said, there is heat energy that is lost by
the leaking steam valves currently in place. This energy is quantified later in this document.
Steam leak losses are not a utility cost for the operation of the valves themselves.
6. Safety and Environmental Design Constraints
As this project takes place in a nuclear power facility, it is critical that steps are taken to ensure
the safety of the people working in the plant and those living in the surrounding communities. As
the plant is located on the shores of lake michigan, it is also important that proper safety
procedures are followed to avoid polluting one of the world's largest freshwater resources for
generations to come. There are many truly unique challenges to process safety in a nuclear plant
such as the Donald C. Cook Nuclear Plant.
6.1 Technical Discussion and Overall Process Safety
The plant has a simulation room that is exactly identical to the real control room of the facility.
This simulation room is used to simulate catastrophes that may occur at various points along the
process so that the plant operators know how to mitigate damage and save those in the plant and
those in the surrounding areas from thermonuclear disasters. There are several critical scenarios
that the operators are required to have memorized. These are the worst case scenarios that would
result in a significant portion of southwest michigan and northern indiana being destroyed by a
full nuclear meltdown. Other, less severe problems that might take place in the plant are kept in a
series of books that the operators can reference to determine how to respond to specific error
codes given by the machinery. The critical scenarios are also written into these books for
posterity. As far as this valve replacement project is concerned, the bulk of the safety risks will
take place during the valve replacement itself. Personal protective equipment (PPE) can be used
to help mitigate these risks. The different types of PPE used by workers in the plant are described
below.

6.2 Security Considerations
One of the first safety measures that a person experiences when they enter the Cook Nuclear
Plant is the security. There are checkpoints similar to those of TSA that visitors have to pass
through before entering the nuclear plant itself. This checkpoint checks for any weapons, bombs,
or other potentially hazardous devices. At these checkpoints, they also do a full background
check on any visitors coming into the plant to help weed out any visitors that might be there for
malicious reasons.
All visitors must be accompanied by someone that works for the plant, and visitors must remain
within the direct line of sight of these workers at all times. Visitors are not allowed and
employees are encouraged not to enter any green painted zone within the plant, as these zones
often contain valves and equipment that are absolutely critical to the safe operation of the nuclear
facility. Visitors are also prohibited from entering the nuclear plant’s control room for the same
reason.
Anyone entering the plant for any reason must have a name badge clearly displayed at all times.
Employees are provided with a name badge and lanyard with their photo and identifying
information. Visitors are given a visitor badge and lanyard that is a different color from the
employee version to help security and other personnel to identify them as visitors from a
distance.
6.3 Radiation Hazards
Employees that enter regions of the plant where there are slightly elevated levels of radiation
must wear a radiation monitor that is similar to a small Geiger counter. This device measures the
dose of radiation that a person experiences over the course of their shift, and will sound an alarm
if the worker has been exposed to potentially unsafe amounts of radiation over the course of their
working day. When the alarm sounds, an employee is required to leave the area immediately.
This device helps to ensure that workers always stay within a safe level of radiation exposure.
For employees that are performing maintenance on the primary region of the plant that houses
the reactor itself, there are full body Hazmat suits with radiation protection. These employees are
also provided with a Geiger counter device that is used to help ensure the radiation they
experience does not get past certain doses. The amount of time that a person is allowed to spend
servicing the reactor is also limited for the same reason. Visitors are not allowed to enter the part
of the plant that houses the reactor itself due to radiation concerns.
This project takes place in the secondary side of the plant where the steam turbine system is
located and radiation exposure is considered to be within safe levels. The hot side is generated
through nuclear fission. During nuclear fission, a neutron collides with a uranium atom and splits

it, releasing a large amount of energy in the form of heat and radiation. That hot water enters a
heat exchanger, creating steam on the secondary side of the plant. The water used in the steam
turbine system is non-contact water so there is no radiation risk.
6.4 Insulation Abatement
Insulation abatement is the safe removal and disposal of insulation materials that contain
asbestos. Due to the age of the plant, much of the insulation is asbestos based. Therefore, any
changes to the system (such as valve replacements for this project) should be performed by
professionals trained in insulation abatement, or the insulation should be abated prior to the valve
replacement (a large portion has already been replaced).
6.5 General Personal Protective Equipment
Every person entering the nuclear power plant is required to wear steel toe boots, a hard hat,
safety glasses, and hearing protection. Steel toe boots can help prevent damage done to feet in
the event of unanticipated falling or rolling objects. Hard hats and safety glasses likewise protect
the heads and eyes of people in the plant. As there are many moving parts and frequent repair or
installations of equipment, these requirements are a must in order to ensure personal safety. The
power plant can also be quite noisy (especially in the turbine room), so hearing protection is used
to help people avoid hearing loss from extended exposure to high decibel noises.
7. Calculations
The project included using five methods to calculate the MW loss due to the steam leaks
throughout the plant: Grashof, ASME Figure 14, the sonic equation, Darcy, and the choke
equation.
The Grashof number (Gr) is a dimensionless number to show the fluid dynamics and heat
transfer of a fluid. It approximates the ratio of the buoyancy to the viscous force acting on the
fluid. It is commonly used when dealing with natural convection. Grashof uses the diameter of
the pipe, density of the fluid (steam) coefficient of thermal expansion, temperature difference,
and viscosity to determine those characteristics. The equation is as follows:
Equation 7.1: Grashof number

The equation used in this project was slightly modified to better fit the situation. In order to
apply grashof to a leaking valve, the pipe must be treated as a nozzle from the point where the

downstream temperature is taken to the heat sink. This leads to the issue that a length of pipe will
have more resistance than a nozzle due to flow geometry and friction. Since Grashof does not
account for resistance, a correction must be applied. The modified Grashof equation used is as
follows:
Equation 7.2: Modified Grashof Equation for Mass Flow

Where W is the mass flow rate, A is the discharge flow area, and P is the reservoir pressure. This
equation was used to determine the flow from ambient temperature (pressure of 1 psi) and the
uncorrected flow in which the flow was calculated using a pressure found in the steam tables and
then the flow from ambient temperature was subtracted. The moisture flow was calculated using
the following equation:
Equation 7.3: Moisture Flow

Where Wg is the gas component of leakage flow (flow uncorrected for moisture), hg is the
downstream gas enthalpy, hf is the downstream liquid enthalpy, and ht is the total enthalpy. This
value was added to the uncorrected flow to determine the total flow. The moisture flow was then
divided by the total flow to determine the moisture fraction. This is used in the following
equation to determine the correction factor in which we will multiply by the total flow to
determine the corrected flow rate.
Equation 7.4: Moisture Correction Factor

The ASME Figure 14 method is very similar to Grashof. The equation to determine the mass
flow rate is as follows:
Equation 7.5: ASME Fig. 14 Flow Rate

Where WASME is a critical, choking, mass flow rate for isentropic process and equilibrium
conditions value taken from the 1967 American Society of Mechanical Engineers Steam Tables

textbook. The figure uses inlet enthalpy and pressure. The process is the same as that used in
Grashof and the moisture fraction is used to correct the flow rate.
Both the Grashof and ASME Figure 14 methods are then inserted into the following equation to
determine the lost generation in MWe.
Equation 7.6: Lost Generation (MWe)

Where Qc is the corrected flow and ht is the upstream enthalpy.
The sonic equation method assumes choked flow in the pipe. This implies that the velocity of the
fluid will be limited by the speed of sound in the fluid. The equation assumes isentropic flow of
an ideal gas. The equation is as follows:
Equation 7.7: Sonic Equation

Where Vchoke is the choked fluid velocity, k is the ratio of specific heats, g is the acceleration due
to gravity, P’ is the absolute pressure of the system, and ρ is the density of the fluid downstream
from the valve. This equation is used much like the previous two methods and must take into
account moisture and use a correction factor before being used in the lost generation equation.
The Darcy equation, also known as the Darcy-Weisbach equation, is another method to
determine the flow of the fluid. The general form of the equation is as follows:
Equation 7.8: Darcy Equation

Where h is head loss in the pipe, K is the resistance coefficient equal to the Moody friction factor
times the length of pipe divided by the diameter, υ is the mean velocity, and g is the acceleration
due to gravity.

The Darcy equation can be solved for velocity, combined with a general equation of flow, and an
expansion factor can be inserted to account for compressibility to create the more usable
equation that follows.
Equation 7.9: Converted Darcy Equation

Where W is flow, Y is the expansion factor, d is the internal pipe diameter, ΔP is the differential
pressure from downstream of the valve to the heat sink, K is the resistance coefficient, and ρ is
the density of fluid downstream of the valve. The flow rate can then be corrected for moisture
and used to calculate the lost generation.
The choke equation method is similar to the sonic equation method. It again assumes there will
be choked flow in the pipe which means the velocity of the fluid will be limited by the speed of
sound in the fluid. The ideal gas law (PV=RT) converts the sonic equation to the following:
Equation 7.10: Choke Equation

This equation is then used the same way as the previous four.
For simplicity in the program four additional equations were used to bypass using charts and
steam tables. Using these equations over the graphs led to an average error of 0.35% and an
estimated maximum error of 0.84% (Chem-Eng-Musings,2019) (Affandi, 2013).
Downstream enthalpy was calculated using the equation: Hst = 1975 + 1.914 * Zst * (t + 273)
Compressibility (needed for pressure and density calculations) was calculated using the equation:
Zst = 1-0.024 * P^0.654 / (220-P)^0.08
Density was calculated using the equation: Dst = 216.49 * P / (Z * T)
Pressure at saturation was calculated using the equation:
ln(P)=a+b*ln(Tr)+c*(ln(Tr)^2)+d(ln(Tr)^3)+e*(ln(Tr)^4)

8. Excel File Development for Valves
As per request by Donald C. Cook, a newly formatted and updatable excel file was a major focus
of the project. Such a file would allow for much quicker and more concise evaluation of which
valves should be replaced or looked into fixing first. This file would allow for either new valves
to be placed into the file or for valve updates to be made to the file, ensuring old data would not
be part of the data set being analyzed. These requests resulted in the development of the excel
file which is to be discussed in the following sections.
8.1 Introduction to the File
The file created is a Microsoft Excel Macro-Enabled Worksheet (.xlsm). The .xlsm extension is
automatically generated due to macros and user forms being active within the file itself. Upon
opening the file, the macro content must be enabled by the user to activate the ranking system
and input data forms. The following figure gives an overview of what the user can expect when
opening the file.

Figure 8.1: Display Sheet and Opening Visual
The goal was to create a main homepage for users to minimize any potential for confusion. The
output data for megawatt loss is listed with the accompanying valve, the user has access to a
button that will allow new valve data to be entered, and the user can alter the “Show Top … MW
Loss” section to alter the length of the two lists present. All information (results, calculations,
etc.) have been color-coded following the format used by Donald C. Cook: Unit 1 is colored
orange and Unit 2 is colored blue. Additionally, all Unit 1 valves have a numeric “1” preceding
the valve name and likewise for Unit 2 valves with a numeric ”2” for further clarification, as

requested by Donald C. Cook representative Katelin Kohn. A closer view of the display page is
given in the following figure.

Figure 8.2: Display Sheet Main Components
As seen in the first figure of this section, Figure 8.1, there exist several tabs within this
worksheet. The first five tabs contain the inputs and outputs of all valve data. These tabs
include the following: “Display”, “Valve Check”, “Results”, “Unit 1”, and “Unit 2”. This layout
can be seen in the following figure and each tab shall be discussed in further detail in following
sections.

Figure 8.3: Main Worksheet Tabs
The final items of note within the introductory portion of the file are the remaining worksheet
tabs. These ten tabs are where the calculations for the valves occur. As seen in the next figure,
each tab lists the method used for calculation, as well as being color-coded to ensure the user
knows which unit the calculations go with.

Figure 8.4: Calculation Worksheet Tabs
As calculations were discussed in the previous section, Section 8, they shall not be discussed
here.
8.2 Megawatt Loss Tables
One of the main features of the display page are two lists, one orange and one blue, that
showcase the MW losses at each valve in descending order. This list has been created in such a
way as to allow users to alter the overall length of the list. The following figure highlights the
component allowing for the alteration of this list.

Figure 8.5: Top MW Loss List Control
The spin button in Figure 8.5 is bound directly to cell E3 in the display sheet, currently
displaying “15”. The user can either use the spin button to increase or decrease the value thereby
changing the list length, or the user can alternatively enter in a value directly to cell E3. Several
safeguards do exist to ensure only numeric values can be entered. Figure # showcases the
settings for the spin button giving a minimum and maximum value for the bound cell, in addition
to an allowed incremental change of 1 unit per click.

Figure 8.6: Spin Button Settings
To further safeguard the settings from potential user error, the bonded cell E3 has been further
formatted to eliminate the ability of the user to enter non-numeric values into the cell. The
following three figures show the settings associated with this design.

Figure 8.7: Restrictive Settings on Cell E3

Figure 8.8: Input Message to User on Cell E3

Figure 8.9: Error Notification for Invalid User Entry
The previous three figures give the overview of the data validation settings applied to cell E3 on
the “Display” worksheet. In the first figure, the general settings are displayed. For an entry into
the cell to be allowed, all of the shown criteria must be met; the entry must be a whole number,
the entry must be greater than or equal to a value of 0, and the cell cannot be left blank. The
second figure gives the settings for when the user selects the cell itself. Upon doing so, a small
message box will appear informing the user of the basic constraints placed on the cell. The final
figure gives the error settings that are active. If the user attempts to use any input other than
accepted numeric values, they will receive an error message informing them to only enter
numeric values and the cell will reset to the previous value.
The last portion of the MW loss list is a hidden column of code within the display sheet. Upon a
close inspection, it can be seen that column “A” has been hidden from the user. Column “A”
contains a series of cells with a recursive code. The cell A6 contains the numeric value “0” as
the starting point for the column code. The remainder of the column contains the code shown in
the following figure.

Figure 8.10: Recursive Code for Altering Length of MW Loss Tables
The purpose of this code is to take the numeric value in the cell directly above and compare it to
the user determined value entered into cell E3. If the value in the cell above is less than the

value the user has designated, the value will be increased by one and the next cell in the column
will activate. This process continues until the final value in column “A” is equal to the user
designated value in E3 for the length of the table. From here, new code will pull valve names
and corresponding MW loss values. The following figure showcases the cells and the code used
for this process.

Figure 8.11: MW Loss Table Code for Length
This code looks at the cell in column “A” within the same row and enters the value into an IF
statement. If the corresponding cell in column “A” is blank (shown as “”) then the cell output is
blank, signaling the cease of table development. However, if the corresponding cell in column
“A” has a numeric value, the code then takes that numeric value and compares it to a hidden
sheet named “Ranking” to find the reference value. This hidden sheet shall be discussed in
Section 8.3.4. The code finds the reference value listed within the first column of a specified
range. In Figure 8.11, this specified range includes cells B3:D400 within the notation
$B$3:$D$400 ensuring the range is fixed and unchanging within the code. Once the referenced
value is found, the code then takes the value in the second column of the range and outputs it into
the cell. In the example in Figure 8.11, this results in the output of “1-FMO-260 (H)”. This code
repeats between both tables and references the appropriate valve names and megawatt values
using the VLOOKUP function to ensure the proper values are selected.

8.3 “Unit 1”, “Unit 2”, “Results”, “Valve Check”, and Hidden “Ranking” Tabs
Five other tabs exist within the worksheet if the calculation tabs are not counted. “Unit 1”, “Unit
2”, “Results”, and “Ranking” tabs require no user activity or editing. It is recommended that
users avoid altering these sheets and safeguards can be implemented to ensure only users with a

specific password can edit these sheets. The “Valve Check” sheet is set up to allow for user
interaction and the purpose shall be discussed in a following subsection.
8.3.1 “Unit 1” and “Unit 2” Tabs
The worksheets labelled “Unit 1” and “Unit 2” contain all of the input data for the Unit 1 and
Unit 2 calculations. This data includes valve names, measured temperatures, upstream enthalpy
values, the inner pipe diameters, and the flow values from ASME Figure 14 as shown in the
following figures.

Figure 8.12: “Unit 1” Input Value Storage

Figure 8.13: “Unit 2” Input Value Storage
All of this data is stored continually within the file and can be manually updated by the user if
desired. However, the file is set up in such a way that the user should never have to access these

sheets. After being entered , data from these sheets is then pulled into cells within the
calculation tabs and the resulting megawatt loss estimations are stored within the “Results” tab.
8.3.2 “Results” Tab
After the calculations are performed, the resulting megawatt loss values are stored within the
“Results” tab in the same valve order as the “Unit 1” and “Unit 2” tabs. The following figure
shows the layout of the “Results” tab.

Figure 8.14: “Results” Tab
The “Results” tab is set up in such a way that the user could see the megawatt loss value
estimations from each calculation method. At the time of this report, only two methods have
been confirmed to give accurate megawatt loss estimations (Grashof and ASME Figure 14).
Once the other three methods have been determined to give proper estimations of megawatt loss,
they can be added to the appropriate columns within the “Results” tab. This sheet takes all of the
estimated values within each unit and calculates an average megawatt loss value for each valve.

8.3.3 “Valve Check” Tab
The “Valve Check” tab has only one purpose for the user, being a dynamic sheet that allows the
user to change which valves are counted for the megawatt loss display table on the “Display”
tab. The following figure gives the layout of the “Valve Check” tab.

Figure 8.15: “Valve Check” Tab for User Preference

Within this sheet, a new column is placed under each unit named “Count?”. This column allows
for the user to determine if the valve in the corresponding row is to be counted towards the
megawatt loss table. Why is this important? There are several valves (specifically URV type
valves) where the temperature measurement could not be taken at the recommended distance of
10*L/D away from the valve location. Therefore, the corresponding calculations cannot be
considered to be wholly accurate. This sheet allows the user to remove these valves before
reporting the top losses within each unit. In similar fashion to the safeguards placed upon the
megawatt loss list length alteration, safeguards have been placed upon the “Count?” column cells
to prevent file breakdown from user error. As can be seen in Figure 8.15, when the user selects a
cell within the “Count?” column, they are immediately given a message describing the purpose
of the cell. The following figures give the data validation settings that are repeated within every
cell in the “Count?” column.

Figure 8.16: “Valve Check” Setting

Figure 8.17: “Valve Check” User Input Message

Figure 8.18: “Check Valve” User Error Notification
In Figure 8.16, the cells in the “Count?” column are set as list cells. This change produces a
dropdown option within every cell in that column for the user to have access to. In similar
fashion as the “Display” sheet, the “Check Valve” sheet also has a hidden column “A”. With this
column exists two cells that give the criteria for the list setting. This criteria gives the user the
option to either select “No” or to leave the cell blank. Figure 8.17 gives the user the brief

description when selecting the cell as mentioned before and Figure 8.18 specifies the error type
and error messages given to the user upon improper data entry. Any entry besides “No” or
leaving the cell blank results in the user receiving the predetermined error message and the cell
returning to the previous entered value.
8.3.4 Hidden “Ranking” Tab
The final tab to be discussed is the hidden “Ranking” tab within the worksheet. This tab has the
role of assigning values beginning at one and increasing based upon the highest to lowest
megawatt loss values. Furthermore, this valve takes into account the user options from the
“Check Valve” tab. If the user has assigned “No” to any valves, they are not added to the
ranking process. The following figure shows the layout of the hidden “Ranking” tab if it is
reentered into the file.

Figure 8.19: Hidden “Ranking” Tab for Valve Order Determination
The “Ranking” tab is once again split into Unit 1 and Unit 2 valves, with a new column at the
beginning of each unit section titled “Rank”. However, the column “MW Loss” should be
looked at first. As seen in Figure 8.19, the cells in this column reference the cells in the “Valve

Check” tab where the user is able to specify which valves should be included and which should
be removed from the megawatt loss list.

Figure 8.20: “Valve Check” “Count?” Reference Code
The code within these cells will reference the dropdown cell in the “Valve Check” tab. If a “No”
is present, then the corresponding “MW Loss” cell will be blank (shown as “”). If “No” is not
present, then the appropriate value from the “Results” tab is brought into the cell. From here, the
“Rank” column code needs to be examined.

Figure 8.21: “Rank” Column Code
The code within the cells in the “Rank” column is unique in the sense that it has been altered into
an array equation format through the use of Ctrl+Shift+Enter. This allows the basic
mathematical calculations in the code to be applied to an entire set of data. Why was this
method used instead of the built in ranking function for excel? The latest version of Excel at the
time of this report has two main ranking functions: RANK.EQ and RANK.AVG. However, both
functions are incapable of distinguishing very small differences between values. This resulted in
repeating ranking values which gave errors within the megawatt loss lists in the “Display” tab.
The array code used instead takes first looks to see if a value is present in the “MW Loss”
column. If no value exists, the array code does not take the corresponding cells in the row into
account during the ranking process. If a value does exist, the value is counted in the ranking
process. How does the process work? Essentially the array code used acts as a tie-breaker
mechanism using the summation of values throughout as a basis in order. From here, a rank is
assigned to each valve and shown in the “Rank” column.

8.4 New Valve Data Input Through Userform and VBA
The entirety of the function of this developed file lies within the userform that has been created
to allow for simplified and streamlined valve data input. As shown in the “Display” tab, one of
the main components is a single button with the label “Input New Valve”. This button triggers
the userform and allows the user to begin the process of adding new valves to the file.
8.4.1 Userform Design
The creation of any userform within Excel begins with the design stage. For this specific project,
the number of required inputs was minimized and the form layout was set in such a way to
ensure all appropriate data was collected before being entered into the file. Figure 8.22 is the
userform the user can expect to see when initializing the program.

Figure 8.22: Userform to Input New Valve Data
In order to develop this form, the developer package with Excel must be made active along with
VBA and macro related packages. Once this has occurred, Microsoft Visual Basic for
Applications can be activated and will open in a new window. At this point a new, blank
userform was inserted and the required textboxes, input spaces, and function buttons were added
to the form resulting in the following figures.

Figure 8.23: Microsoft Visual Basic for Applications Userform Design

Figure 8.24: Final Userform Design

Once the final design was determined as shown in Figure 8.24, the necessary code could be
developed and applied with the appropriate functions and input boxes.
8.4.2 Userform Code
The most important portion of the entire file is the coding within the userform itself. The code
must be highly specific and all potential bugs must be removed. Several tests were performed
throughout the coding process attempting to (and several times succeeding at) breaking the file
and causing errors. This process of troubleshooting is necessary to ensure minimal future issues
for the company and users once the file is transferred over for use. Due to the need for extensive
explanation, the coding description shall be set throughout several subsections.
8.4.2.1 Initialization of Userform
As soon as the user presses the “Input New Valve” button, the userform has been initialized and
code has already been activated. The following figure shows the code in reference.

Figure 8.25: Userform Initialization
This private sub has been named “Userform_Initialize()” to prevent any confusion as to its
purpose. When the userform is first opened, it does not contain any data. This lack of data is
included in the combobox for Unit 1 or Unit 2 selection. The two lines of code prevent an error
found where the user could not select a unit for valve destination. Using the .AddItem code
addon to the combobox named “ComboBox1”, this bug could be bypassed ensuring the user
always has the “Unit 1” and “Unit 2” options.
8.4.2.2 Exiting Userform
When closing the userform either before or after inputting any data values, it is very important to
clear and and all data that has been previously stored. This includes data within the combobox
and within the five textboxes in the userform. To accomplish this there is a very short line of
code required with another private sub being developed.

Figure 8.26: Exiting Userform and Data Removal
The decision was made to link this code directly to the “Exit” button on the userform. Within
the VBA, this button was named “Cancel” due to potential repetition that could occur in other
sections of the code. “Cancel_Click()” ensured this sub would only activate if the button was
clicked by the user. The command “Unload” causes the form to eliminate any entries within the
combobox and the five textboxes. The reference term “Me” tells the userform to perform this
operation on itself ensuring complete data elimination. Without this section of code, old entries
could possibly exist between consecutive existences of the userform leading to incorrect and
inaccurate data being entered into the file.
8.4.2.3 Data Entry Check
Troubleshooting revealed a potential issue where the user could enter in data without the
combobox and five textboxes all having data entries. To eliminate this potential issue, code was
added to the “Add Data” button on the userform. This code would run before the data input
code, functioning as a safeguard against missing data entries.

Figure 8.27: Missing Data Safeguard
First, the “Add Data” button was named “AddData” within the code format to eliminate any
potential confusion. From here, each textbox was renamed from “TextBox.1”, “TextBox.2”,
etc., to appropriate names based upon the data that would be entered. Valve name was specified
as “txtVN”, pipe diameter as “txtPD”, temperature as “txtT”, upstream enthalpy as “txtUE”, and
ASME Figure 14 flow rate as “txtASME”. Beginning at the top of the code in Figure 8.27, the
private sub was set to begin on the click of the “Add Data” button with “AddData_Click()”.
From here, using the function .Value, the selection in ComboBox1 was assigned as the
TargetSheet. The first safeguard then checked the value of TargetSheet. If there was no value
for TargetSheet (shown as “”) then a message box would be triggered through the function
“MsgBox (“”)”. Within the parentheses and internal quotations, a predetermined message was
placed to inform the user of their error. “Exit Sub” then causes the userform to end its function
and the user is able to make corrections. This general setup continues for each of the five

textboxes to ensure there are no blank data entries. If the user satisfies the requirements and data
exists in each data entry point, the userform would continue to the next section of code.
8.4.2.4 Finding Input Location
Without being told, the userform would be unable to place the data anywhere. Data would be
entered and subsequently removed once the userform was closed. Instead, destination must be
specified. The following figure shows the code required to begin this process.

Figure 8.28: Determining Location of Data Destination
Beginning this code is the line “Worksheets(TargetSheet).Activate”. The “Worksheets()”
function is coupled with the .Activate command to change what tab is open in the file. With the
ComboBox1 value being assigned to TargetSheet (either “Unit 1” or “Unit 2”) the appropriate
tab is opened for the new valve data to be entered. Before the userform can continue with
entering data, several new variables must be set. “FoundCell” is set “As Range” to allow for
multiple cells being placed within the assignment, “Search” is set “As String” to become a new
variable the userform can use later, and “eRow” is set “As Long” for use in determining the
proper location for data destination.
Once the new variables are set,
“eRow = Worksheets(TargetSheet).Cell(Rows.Count,1).End(xlUp).Offset(1,0).Row” occurs.
This code searches the active worksheet for the first empty row in the first column for data entry.
Using the “Row.Count” function in tandem with the “.End(xlUp)” and “.Offset(1,0)” commands
ensures a blank row has been selected for data entry beneath a filled row with previous data.
Next, “Search = txtVN.Value” assigns the value in the valve name textbox to the newly created
variable “Search”. The final line shown in Figure 8.28 causes the userform to search for the
assigned valve name within the first column of the active sheet (the column containing valve
names).

8.4.2.5 New Valve Entry or Update Old Valve Values
Once the userform has searched the active sheet for the valve name entered by the user, there are
two potential outcomes. The first outcome is that no duplicate is found and the code in the
following figure begins.

Figure 8.29: New Entry or Duplicate Discovered
If the “Search” function returns a “FoundCell” value of nothing (coded as “”) then the userform
continues and assigns the selected row the values input by the user. Each subsequent line of
code causes the entry to occur in the following column to prevent any potential data overwriting.
The userform will then continue onto the code explained in subsection 9.4.2.7. However, if
“FoundCell” has been assigned a value then a duplicate has been discovered within previous
entries. This will trigger a message box with a “Yes” button and a “No” button informing the
user that the valve they entered already exists and asking if they wish to overwrite the data.
8.4.2.6 Handling Duplicate Valve Data
If a duplicate is discovered in the existing data, the user is given a warning and given a chance to
decide whether they wish to update the old entry with the new data or to redo the data entry. The
following code shows the process in detail.

Figure 8.30: Duplicate Valve Update or Cancellation
If the user does wish to update the old data in the file, selecting “Yes” will cause the
“FoundCell” to be assigned to the “ActiveCell” variable. From here the appropriate data entries
are overwritten in the row of the “ActiveCell”. The userform then continues on to the code
described in subsection 9.4.2.7. If the user selects “No” and does not wish the valve data to be
overwritten, a message box will open informing the user that their entered data will not be added
to the file, all entered data will get cleared from the input points, and the “Display” tab becomes
the active sheet again. The user will then begin the process of data entry at the beginning.
8.4.2.7 Resetting After New Entry
The following figure shows the code that occurs after a set of new valve data has been entered or
after a valve has been updated.

Figure 8.31: Clearing Data and Resetting the Userform
This final section of code within the userform helps prepare for subsequent valve entries. The
top paragraph begins by clearing “ComboBox1” and reloading the two user options and finished
by clearing all entries within the five textboxes. The second paragraph with only two lines of
code returns the user to the “Display” tab once again. Next, a message box will inform the user
that the valve was added successfully. Finally, a question box will appear and ask the user if
they wish to add another valve to the file. If the user selects “Yes” then the userform will begin
the private sub again. If the user selects “No” then the userform will clear all loaded data and
close out using the Unload command.
9. Economic Analysis
An economic analysis was performed on the 10 leakiest valves of each unit in the system to
determine if replacement costs are financially feasible. The results of this analysis at different
values of steam loss reduction can be seen in the subsections below. All of the economic
analyses use the following tables to help calculate costs.
9.1 Data Used in All Scenarios
Table 9.1: Electricity Value and Downtime
Electricity Value:
Estimated
Downtime:

28 USD/MWh
360 Hours/year

The above table shows the estimated electricity value and estimated downtime per year. These
values are the same for both units, and are used in later tables to calculate the monetary value of
steam energy lost. Changes to these values in the economic analysis spreadsheet will

automatically update the rest of the spreadsheet. This is useful if electricity values or estimated
downtimes change.
Table 9.2: Unit 1 Valve Information

Equipment
Steam Valve 1
1-FMO-260 (L)
Steam Valve 2
1-MRV-403

Energy Loss
(MWe)
Manufacturer
47.41 Lunkeheimer
18.96 Copes-Vulcan

Velan Valve
Corp.
Fisher Controls
Co.
Fisher Controls
Co.
Fisher Controls
Co.
Velan Valve
Corp.

Material Cost Maintenance
(USD)
Cost (USD)

Model

1469XB7MOD
-12I

Total
Repair
Cost

$13,997.67

$17,000.00 $30,997.67

GS6
B09-2074C-02
TY

$14,042.00

$5,430.00 $19,472.00

$2,000.00

$5,430.00 $7,430.00

V300

$16,972.00

$5,430.00 $22,402.00

ED

$13,997.67

$3,880.00 $17,877.67

$16,972.00

$5,430.00 $22,402.00

$13,997.67

$900.00 $14,897.67

$17,000.00

$1,500.00 $18,500.00

$17,000.00

$1,500.00 $18,500.00

$13,997.67

$7,800.00 $21,797.67

$13,997.67

$5,430.00 $19,427.67

Steam Valve 3
1-MS-239

18.12

Steam Valve 4
1-CRV-224 (L)

16.37

Steam Valve 5
1-DRV-423

9.19

Steam Valve 6
1-CRV-224 (H)

6.01

Steam Valve 7
1-MSD-219L

2.11

Steam Valve 8
1-HRV-562

1.52 Hammel-Dahl

Steam Valve 9
1-HRV-561

1.48 Hammel-Dahl

V300
B12-2064C-02
TY
500THC82HB
OG
500THC82HB
OG

Steam Valve 10
1-MRV-409

Fisher Controls
0.95 Co.

EZ
Averages

The above table shows information on the top 10 leakiest valves in unit 1 and their replacement
costs. This data was provided by our plant contact Katelin Kohn. Any holes in the monetary data
received were filled with the averages from the other valves. This helps to get a more accurate
idea of total costs for the unit.
Table 9.3: Unit 1 Total Costs
Replacement Materials Total
Replacement Maintenance
Total
Yearly Energy Loss
Yearly Energy Loss Cash Value

116,916.68 USD
57,000.00 USD
459,228 MWh
12,858,384.00 USD

Using the unit 1 valve data and the electricity value and downtime data, the total unit costs can
be calculated. This is shown in the table above. The replacement materials total is used as the
formal capital investment (FCI) in the different scenarios outlined in the following subsections.
The replacement maintenance total is likewise used as the working capital (WC) in the different
scenarios outlined in the following subsections. The yearly energy loss cash value is used to
calculate income and expenses. These values are all automatically calculated using Table 9.1 Electricity Value and Downtime and Table 9.2 - Unit 1 Valve Information tables.
Table 9.4: Unit 2 Valve Information

Equipment
Steam Valve 1
2-T-121-6
Steam Valve 2
2-FMO-260
Steam Valve 3
2-T-121-5

Energy Loss
(MWe)
Manufacturer Model
21.22 Armstrong

5133-1I
1469XB7
8.31 Lunkeheimer MOD-12I

$11,691.67

$7,800.00 $19,491.67

$11,691.67

$17,000.00 $28,691.67

8.01 Armstrong

5133-1I

$11,691.67

$7,800.00 $19,491.67

8-U
B10-2074
C-02TS

$14,000.00

$1,800.00 $15,800.00

Steam Valve 4
2-CRV-224

4.63

Steam Valve 5
2-MS-239

3.75

Steam Valve 6
2-HRV-461

2.16

Steam Valve 7
2-HRV-462

1.73

Steam Valve 8
2-DRV-406

1.67

Steam Valve 9
2-HRV-557
Steam Valve 10
2-B-431

Maintenance
Material Cost (USD) Cost (USD)

Total
Repair
Cost

1.62

Fisher
Controls Co.
Velan Valve
Corp.
Fisher
Controls Co.
Fisher
Controls Co.
Hammel-Da
hl
Hammel-Da
hl

V100
V100
500LFK93
HAEGZ
500SHC82
HAOGJ

1.57 Lunkeheimer
Averages

$2,000.00

$5,700.00

$7,500.00

$3,000.00 $10,500.00

$17,050.00

$4,000.00 $21,050.00

$5,600.00

$5,000.00 $10,600.00

$24,000.00

$4,000.00 $28,000.00

$11,691.67

$900.00 $12,591.67

$11,691.67

$5,700.00 $17,391.67

$7,700.00

The above table shows information on the top 10 leakiest valves in unit 2 and their replacement
costs. This data was provided by the plant contact Katelin Kohn. Any holes in the monetary data
received were once again filled with the averages from the other valves.

Table 9.5: Unit 2 Total Costs
Replacement Materials Total
Replacement Maintenance
Total

116,916.68 USD
57,000.00 USD

Yearly Energy Loss

459,228 MWh

Yearly Energy Loss Cash Value

12,858,384.00 USD

Using the unit 2 valve data and the electricity value and downtime data, the total unit costs can
be calculated. This is shown in the table above. The replacement materials total is used as the
FCI in the different scenarios outlined in the following subsections. The replacement
maintenance total is likewise used as the WC in the different scenarios outlined in the following
subsections. The yearly energy loss cash value is used to calculate income and expenses. These
values are all automatically calculated using Table 9.1 - Electricity Value and Downtime and
Table 9.4 - Unit 2 Valve Information tables.
9.2 Best Case Scenario: 90% Reduction of Steam Losses
The first scenario tested was an ideal scenario. In this scenario, 90% of the steam that was lost by
the leaking valves is saved by the new valves and the energy remains in the system. It is best to
keep in mind that this scenario allows for 10% losses by the steam valves to account for any
minor leakages that may still occur in the newly installed valves.
Table 9.6: 90% Scenario Rate Data for Both Units
MARR

5%

Tax Rate
Reduction of Steam
Losses

21%
90%

The company is not looking to get any specific minimum acceptable rate of return (MARR), and
is more interested in low payback periods. As such, the MARR is assumed to be 5% in order to
account for the cost of inflation. Tax rates are assumed to be 21% in all cases. In this case, the
reduction of steam losses is assumed to be 90%. Changing any of these values in the economic
analysis spreadsheet automatically updates the rest of the spreadsheet so new scenarios can be
tested easily.
9.2.1 Unit 1 Best Case Scenario Analysis
Table 9.7: Unit 1 Best Case Data Summary
NPV

78,475,242.84 USD

PBP

0.01071780251 Years

PBP

3.911997915 Days

As seen in Table 9.7, the 90% steam losses reduction best case scenario results for unit 1 in a net
present value (NPV) of $78.5 million USD in today’s dollars when accounting for a 5% rate of
inflation over the next 5 years. This keeps in mind the time value of money. The payback period
(PBP) of this scenario is also only 4 days, which is well within the company’s requested 3 years
or less PBP. This table was calculated using Table A.5.1.1 - Unit 1 Best Case MACRS Monetary
Calculations in Appendix A.5.1.
9.2.2 Unit 2 Best Case Scenario Analysis
Table 9.8: Unit 2 Best Case Data Summary
NPV

35,055,521.64 USD

PBP

0.02147708353 Years

PBP

7.839135487 Days

As seen in Table 9.8, the 90% steam losses reduction best case scenario results for unit 2 in a net
present value (NPV) of $35.1 million USD in today’s dollars when accounting for a 5% rate of
inflation over the next 5 years. This keeps in mind the time value of money. The payback period
(PBP) of this scenario is also only 8 days, which is well within the company’s requested 3 years
or less PBP. This table was calculated using Table A.5.2.1 - Unit 2 Best Case MACRES
Monetary Calculations in Appendix A.5.2.

9.3 Worst Case Scenario: 55% Reduction in Steam Losses
The next scenario tested was the worst case scenario. In this scenario, 55% of the steam that was
lost by the leaking valves is saved by the new valves and the energy remains in the system. This
scenario allows for 45% losses by the steam valves to account for any minor leakages that may
still occur in the newly installed valves.
Table 9.9 - 55% Scenario Rate Data for Both Units
MARR
Tax Rate
Reduction of Steam
Losses

5%
21%
55%

In Table 9.9, the MARR and tax rates are the same as in the best case scenario. The only thing
that was changed was the reduction of steam losses value, which was dropped to an estimated
55%.

9.3.1 Unit 1 Worst Case Scenario Analysis
Table 9.10: Unit 1 Worst Case Data Summary
NPV

9,707,519.26 USD

PBP

0.0866173885 Years

PBP

31.6153468 Days

As seen in Table 9.10, the 55% steam losses reduction worst case scenario results for unit 1 in a
net present value (NPV) of $9.7 million USD in today’s dollars when accounting for a 5% rate of
inflation over the next 5 years. This keeps in mind the time value of money. The payback period
(PBP) of this scenario is also only 32 days, which is well within the company’s requested 3 years
or less PBP. This table was calculated using Table A.5.1.2 - Unit 1 Worst Case MACRS
Monetary Calculations in Appendix A.5.1.
9.3.2 Unit 2 Worst Case Scenario Analysis
Table 9.11: Unit 2 Worst Case Data Summary
NPV

4,269,970.96 USD

PBP

0.1761908035 Years

PBP

64.30964328 Days

As seen in Table 9.11, the 55% steam losses reduction worst case scenario results for unit 2 in a
net present value (NPV) of $4.3 million USD in today’s dollars when accounting for a 5% rate of
inflation over the next 5 years. This keeps in mind the time value of money. The payback period
(PBP) of this scenario is also only 65 days, which is well within the company’s requested 3 years
or less PBP. This table was calculated using Table A.5.2.2 - Unit 1 Worst Case MACRES
Monetary Calculations in Appendix A.5.2.
10. Alternative Analysis
Even in the worst case scenario depicted in Section 9.3, replacing the 10 worst performing valves
in each unit results in a significant steam savings with a net present value in the millions of
dollars and payback periods of less than a quarter year. In the future the financial analysis can be
expanded to include replacing a larger number of valves in each unit.
11. Conclusion
The models have shown that there are extensive energy losses present in the system due to the
aging valves. An economic analysis has shown that replacing the top 10 leakiest valves would
keep a considerable amount of energy in the system, and therefore save the company money.

11.1 Number of Valves to Replace and Financial Feasibility
We were able to get financial information for replacing the top 10 worst valves in each unit. In
the future, it would be beneficial to expand the economic analysis portion of the project to
include an analysis for replacing the top 20 valves of each unit to see how this impacts the
project finances. Energy loss data on the leakiest valves can be found easily using the Excel
spreadsheet program outlined in section 8 of this report, and an economic analysis can be
performed using the economic analysis excel spreadsheet discussed in section 9 of this report.
These are living spreadsheets, so any newly audited valve data can be input into the spreadsheets
and updated steam leakage results can be calculated.
11.1.1 Unit 1
Replacing the top 10 leakiest valves in unit 1 results in a net present value (NPV) monetary
savings of $9.7-78.5 million USD (worst case and best case respectively). This value is shown in
today’s dollars accounting for a 5% inflation rate per year. The payback period for investing in
these replacement valves is 4-32 days (best case - worst case). Even in the worst case scenario
where the new valves recover 55% more steam than the current leaking valves, this project still
pays for itself in just over one month and saves the company millions over a five year period. As
such, we strongly recommend replacement of the top 10 leakiest valves in unit 1.
11.1.2 Unit 2
Replacing the top 10 leakiest valves in unit 2 results in a net present value (NPV) monetary
savings of $4.3-35.1 million USD (worst case and best case respectively). This value is shown in
today’s dollars accounting for a 5% inflation rate per year. The payback period for investing in
these replacement valves is 8-65 days (best case - worst case). Even in the worst case scenario
where the new valves recover 55% more steam than the current leaking valves, this project still
pays for itself in just over two months and saves the company millions over a five year period.
As such, we strongly recommend replacement of the top 10 leakiest valves in unit 2.
11.2 Total Monetary Savings
In the best case scenario where the new steam valves are able to keep 90% of the leaking steam
in the system, a NPV of $78.5 million USD worth of energy in unit 1 is saved over a 5 year
period. In the best case scenario where the new steam valves are able to keep 90% of the leaking
steam in the system, a NPV $35.1 million USD worth of energy in unit 2 is saved over a 5 year
period. Therefore the total NPV in the best case scenario is $113.6 million USD worth of savings
over a 5 year period.
In the worst case scenario where the new steam valves are able to keep 55% of the leaking steam
in the system, a NPV of $9.7 million USD worth of energy in unit 1 is saved over a 5 year

period. In the worst case scenario where the new steam valves are able to keep 55% of the
leaking steam in the system, a NPV $4.3 million USD worth of energy in unit 2 is saved over a 5
year period. Therefore the total NPV in the worst case scenario is $14 million USD worth of
savings over a 5 year period.
11.3 Alternative Designs and Investment Opportunities
Should valve replacement projects become commonplace after the implementation of the valve
analysis code outlined in this document, we recommend the company to look into a system-wide
insulation abatement procedure. This would lower the risk of individual valve replacements and
make it so that the people working on the valves would not need assistance from someone
trained in insulation abatement. It would also be beneficial to look into the financial feasibility of
replacing more valves in the system to see if that would save the company additional money
from steam energy savings.
12. Recommended Next Steps
Due to constraints that were not within the team’s control, the team did not run through all five
calculation methods as originally intended. Therefore, once the information required to finish the
Darcy and Sonic equations can be obtained, it is recommended that these calculation methods are
completed for further analysis and accuracy.

13. Table of Nomenclature

Table 13.1: Table of Nomenclature
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Appendix
A.1 Sample Calculations
A.1.1 MACRS Table Equations
Equation A.1.1.1: Yearly Energy Loss
Yearly Energy Loss = SUM(Energy Loss MWe column)*(8760 - Estimated Downtime Hours)
Equation A.1.1.2: Yearly Energy Loss Cash Value
Yearly Energy Loss Cash Value = Yearly Energy Loss * Electricity Value
Equation A.1.1.3: INC ($) Column Values
INC = Yearly Energy Loss Cash Value * Reduction of Steam Losses
Equation A.1.1.4: EXP ($) Column Values
EXP = Yearly Energy Loss Cash Value * (1 - Reduction of Steam Losses) + WC
Equation A.1.1.5: BV ($) Column Values
BC = Previous Year BV - Current Year DEP
Equation A.1.1.6: DEP ($) Column Values
DEP = FCI * DEP FRACT
Equation A.1.1.7: PROFIT ($) Column Values
PROFIT = INC - EXP - DEP
Equation A.1.1.8: TAX ($) Column Equations
TAX = Tax Rate * PROFIT
Equation A.1.1.9: CF ($) Year 0
CF0 = -(WC + FCI)
Equation A.1.1.10: CF ($) Remaining Column Values
CF = INC - EXP - TAX
Equation A.1.1.11: DF CASH Column Values
DF = 1/(1 + MARR)^Year Number

Equation A.1.1.12: DISC CF ($) Column Values
DISC CF = CF * DF CASH
A.2 Equations
Equation 7.1: Grashof number

Equation 7.2: Modified Grashof Equation for Mass Flow

Equation 7.3: Moisture Flow

Equation 7.4: Moisture Correction Factor

Equation 7.5: ASME Fig. 14 Flow Rate

Equation 7.6: Lost Generation (MWe)

Equation 7.7: Sonic Equation

Equation 7.8: Darcy Equation

Equation 7.9: Converted Darcy Equation

Equation 7.10: Choke Equation

A.3 Figures

Figure 2.1: Map of Zones in the U.S. for Electricity and Natural Gas Pricing (U.S. Energy
Information Administration, 2020)

Figure 2.2: Price Comparison for Mid-Atlantic Zone (U.S. Energy Information Administration,
2020)

Figure 2.3: Price Comparison for Midwest Zone (U.S. Energy Information Administration,
2020)

Figure 2.4: History and Projections for Energy Consumption by Fuel Type (U.S. Energy
Information Administration, 2020)

Figure 3.1: Unit 1 Heat Balance on 5A FWH Before 1-MRV-403 is Open

Figure 3.2: Unit 1 Heat Balance on 5A FWH After 1-MRV-403 is Open

Figure 8.1: Display Sheet and Opening Visual

Figure 8.2: Display Sheet Main Components

Figure 8.3: Main Worksheet Tabs

Figure 8.4: Calculation Worksheet Tabs

Figure 8.5: Top MW Loss List Control

Figure 8.6: Spin Button Settings

Figure 8.7: Restrictive Settings on Cell E3

Figure 8.8: Input Message to User on Cell E3

Figure 8.9: Error Notification for Invalid User Entry

Figure 8.10: Recursive Code for Altering Length of MW Loss Tables

Figure 8.11: MW Loss Table Code for Length

Figure 8.12: “Unit 1” Input Value Storage

Figure 8.13: “Unit 2” Input Value Storage

Figure 8.14: “Results” Tab

Figure 8.15: “Valve Check” Tab for User Preference

Figure 8.16: “Valve Check” Setting

Figure 8.17: “Valve Check” User Input Message

Figure 8.18: “Check Valve” User Error Notification

Figure 8.19: Hidden “Ranking” Tab for Valve Order Determination

Figure 8.20: “Valve Check” “Count?” Reference Code

Figure 8.21: “Rank” Column Code

Figure 8.22: Userform to Input New Valve Data

Figure 8.23: Microsoft Visual Basic for Applications Userform Design

Figure 8.24: Final Userform Design

Figure 8.25: Userform Initialization

Figure 8.26: Exiting Userform and Data Removal

Figure 8.27: Missing Data Safeguard

Figure 8.28: Determining Location of Data Destination

Figure 8.29: New Entry or Duplicate Discovered

Figure 8.30: Duplicate Valve Update or Cancellation

Figure 8.31: Clearing Data and Resetting the Userform
A.4 Tables
Table 1.1: Top Ten Megawatt Loss for Both Units (Ignoring URV Valves)

A.4.1 Unit 1
Table A.4.1.1: Unit 1 Best Case MACRS Monetary Calculations
Year

FCI ($) WC ($) INC ($)
139,97 54,300
0
6.68
.00
0.00
25,850
,361.6
1
0
0
0
25,850
,361.6
2
0
0
0
25,850
,361.6
3
0
0
0
25,850
,361.6
4
0
0
0
25,850
-54,30 ,361.6
5
0
0.00
0

DEP
PROFIT
EXP ($) FRACT BV ($) DEP ($) ($)
TAX ($)
139,97
0.00
0
6.68
0
0
0
22,877
2,926,
93,322
,144.9 4,804,
562.40 0.3333
.45 46,654
7 200.44
22,861
2,926,
31,102
,579.5 4,800,
562.40 0.4445
.82 62,220
7 931.71
22,903
2,926,
10,372
,068.6 4,809,
562.40 0.1481
.27 20,731
5 644.42
22,913
2,926,
,426.9 4,811,
562.40 0.0741
0.00 10,372
3 819.65
22,923
2,926,
,799.2 4,813,
562.40
0
0.00
0
0 997.83

CF ($)
-194,2
76.68
18,119
,598.7
6
18,122
,867.4
9
18,114
,154.7
8
18,111
,979.5
5
18,164
,101.3
7

DF
CASH
1
0.9523
80952
4
0.9070
29478
5
0.8638
37598
5
0.8227
02474
8
0.7835
26166
5

DISC
CF ($)
-194,2
76.68
17,256
,760.7
2
16,437
,975.0
5
15,647
,687.9
7
14,900
,770.4
0
14,232
,048.7
1

Table A.4.1.2: Unit 1 Worst Case MACRS Monetary Calculations
Year

FCI ($) WC ($) INC ($)
139,97 54,300
0
6.68
.00
0.00
15,797
,443.2
1
0
0
0
15,797
,443.2
2
0
0
0
15,797
,443.2
3
0
0
0
15,797
4
0
0 ,443.2

DEP
EXP ($) FRACT BV ($)
139,97
0.00
0
6.68
12,979
,480.8
93,322
0 0.3333
.45
12,979
,480.8
31,102
0 0.4445
.82
12,979
,480.8
10,372
0 0.1481
.27
12,979
,480.8 0.0741
0.00

PROFIT
DF
DEP ($) ($)
TAX ($) CF ($) CASH
-194,2
0
0
0 76.68
1
0.9523
2,771, 581,97 2,235, 80952
46,654 308.17
4.72 987.68
4
0.9070
2,755, 578,70 2,239, 29478
62,220 742.77
5.98 256.42
5
0.8638
2,797, 587,41 2,230, 37598
20,731 231.85
8.69 543.71
5
2,807, 589,59 2,228, 0.8227
10,372 590.13
3.93 368.47 02474

DISC
CF ($)
-194,2
76.68
2,129,
512.08
2,031,
071.58
1,926,
827.52
1,833,
284.26

5

0
0
15,797 12,979
-54,30 ,443.2 ,480.8
0
0.00
0
0

0

0.00

8
0.7835
2,817, 591,77 2,280, 26166 1,786,
0 962.40
2.10 490.30
5 823.82

A.4.2 Unit 2
Table A.4.2.1: Unit 2 Best Case MACRS Monetary Calculation

Year

FCI ($) WC ($) INC ($)
116,916 57,000
0
.68
.00
0.00
11,572
,545.6
1
0
0
0
11,572
,545.6
2
0
0
0
11,572
,545.6
3
0
0
0
11,572
,545.6
4
0
0
0
11,572
-57,00 ,545.6
5
0
0.00
0

DEP
PROFIT
EXP ($) FRACT BV ($) DEP ($) ($)
TAX ($)
116,91
0.00
0
6.68
0
0
0
10,190
1,342,
77,948
,738.8 2,140,
838.40 0.3333
.35 38,968
7
055
10,177
1,342,
25,978
,737.7 2,137,
838.40 0.4445
.89 51,969
4
325
10,212
1,342,
8,663.
,391.8 2,144,
838.40 0.1481
53 17,315
4
602
10,221
1,342,
,043.6 2,146,
838.40 0.0741
0.00 8,664
7
419
10,229
1,342,
,707.2 2,148,
838.40
0
0.00
0
0
239

DF
CF ($) CASH
-173,9
16.68
1
0.9523
8,089, 80952
652.04
4
0.9070
8,092, 29478
382.28
5
0.8638
8,085, 37598
104.91
5
0.8227
8,083, 02474
288.03
8
0.7835
8,138, 26166
468.69
5

DISC
CF ($)
-173,9
16.68
7,704,
430.51
7,340,
029.27
6,984,
217.61
6,650,
141.07
6,376,
703.17

Table A.4.2.2: Unit 2 Worst Case MACRS Monetary Calculations
Year

DEP
PROFIT
DF
FCI ($) WC ($) INC ($) EXP ($) FRACT BV ($) DEP ($) ($)
TAX ($) CF ($) CASH
116,916 57,000
116,91
-173,9
0
.68
.00
0.00
0.00
0
6.68
0
0
0 16.68
1
0.9523
7,072, 5,843,
77,948
1,189, 249,87 978,96 80952
1
0
0 111.20 272.80 0.3333
.35 38,968 870.07
3
5.69
4
0.9070
7,072, 5,843,
25,978
1,176, 247,14 981,69 29478
2
0
0 111.20 272.80 0.4445
.89 51,969 868.94
2
5.92
5
0.8638
7,072, 5,843,
8,663.
1,211, 254,42 974,41 37598
3
0
0 111.20 272.80 0.1481
53 17,315 523.04
0
8.56
5
7,072, 5,843,
1,220, 256,23 972,60 0.8227
4
0
0 111.20 272.80 0.0741
0.00 8,664 174.87
7
1.68 02474

DISC
CF ($)
-173,9
16.68
932,34
8.27
890,42
7.14
841,73
9.39
800,16
1.81

5

0

-57,00 7,072, 5,843,
0.00 111.20 272.80

0

0.00

8
0.7835
1,228, 258,05 1,027, 26166 805,29
0 838.40
6 782.34
5
4.35

A.5 Major Equipment and Costs
Major equipment material and maintenance costs were provided by Katelin Kohn. Any holes in
the data for a valve’s material or maintenance costs were filled using average materiel or
maintenance costs for valves in that unit.
A.5.1 Unit 1
Table 9.2: Unit 1 Valve Information

Equipment
Steam Valve 1
1-FMO-260 (L)
Steam Valve 2
1-MRV-403

Energy Loss
(MWe)
Manufacturer
47.41 Lunkeheimer
18.96 Copes-Vulcan

Velan Valve
Corp.
Fisher Controls
Co.
Fisher Controls
Co.
Fisher Controls
Co.
Velan Valve
Corp.

Material Cost Maintenance
(USD)
Cost (USD)

Model

1469XB7MOD
-12I

$13,997.67

$17,000.00 $30,997.67

GS6
B09-2074C-02
TY

$14,042.00

$5,430.00 $19,472.00

$2,000.00

$5,430.00 $7,430.00

V300

$16,972.00

$5,430.00 $22,402.00

ED

$13,997.67

$3,880.00 $17,877.67

$16,972.00

$5,430.00 $22,402.00

$13,997.67

$900.00 $14,897.67

$17,000.00

$1,500.00 $18,500.00

$17,000.00

$1,500.00 $18,500.00

$13,997.67

$7,800.00 $21,797.67

$13,997.67

$5,430.00 $19,427.67

Steam Valve 3
1-MS-239

18.12

Steam Valve 4
1-CRV-224 (L)

16.37

Steam Valve 5
1-DRV-423

9.19

Steam Valve 6
1-CRV-224 (H)

6.01

Steam Valve 7
1-MSD-219L

2.11

Steam Valve 8
1-HRV-562

1.52 Hammel-Dahl

Steam Valve 9
1-HRV-561

1.48 Hammel-Dahl

V300
B12-2064C-02
TY
500THC82HB
OG
500THC82HB
OG

Steam Valve 10
1-MRV-409

Fisher Controls
0.95 Co.

EZ
Averages

Table 9.3: Unit 1 Total Costs
Replacement Materials Total
Replacement Maintenance
Total

Total
Repair
Cost

116,916.68 USD
57,000.00 USD

Yearly Energy Loss

459,228 MWh

Yearly Energy Loss Cash Value

12,858,384.00 USD

A.5.2 Unit 2
Table 9.4: Unit 2 Valve Information

Equipment
Steam Valve 1
2-T-121-6
Steam Valve 2
2-FMO-260
Steam Valve 3
2-T-121-5

Energy Loss
(MWe)
Manufacturer Model
21.22 Armstrong

5133-1I
1469XB7
8.31 Lunkeheimer MOD-12I

$11,691.67

$7,800.00 $19,491.67

$11,691.67

$17,000.00 $28,691.67

8.01 Armstrong

5133-1I

$11,691.67

$7,800.00 $19,491.67

8-U
B10-2074
C-02TS

$14,000.00

$1,800.00 $15,800.00

Steam Valve 4
2-CRV-224

4.63

Steam Valve 5
2-MS-239

3.75

Steam Valve 6
2-HRV-461

2.16

Steam Valve 7
2-HRV-462

1.73

Steam Valve 8
2-DRV-406

1.67

Steam Valve 9
2-HRV-557
Steam Valve 10
2-B-431

Maintenance
Material Cost (USD) Cost (USD)

Total
Repair
Cost

1.62

Fisher
Controls Co.
Velan Valve
Corp.
Fisher
Controls Co.
Fisher
Controls Co.
Hammel-Da
hl
Hammel-Da
hl

V100
V100
500LFK93
HAEGZ
500SHC82
HAOGJ

1.57 Lunkeheimer
Averages

$2,000.00

$5,700.00

$7,500.00

$3,000.00 $10,500.00

$17,050.00

$4,000.00 $21,050.00

$5,600.00

$5,000.00 $10,600.00

$24,000.00

$4,000.00 $28,000.00

$11,691.67

$900.00 $12,591.67

$11,691.67

$5,700.00 $17,391.67

Table 9.5: Unit 2 Total Costs
Replacement Materials Total
Replacement Maintenance
Total
Yearly Energy Loss
Yearly Energy Loss Cash Value

116,916.68 USD
57,000.00 USD
459,228 MWh
12,858,384.00 USD

$7,700.00

